Background: The incidence of thyroid nodules is increasing among patients in North America. Few of these nodules harbour malignancy, thus further research is required to identify predictive markers of malignant thyroid disease. This study set out to understand the relationship between the levels of fT4 and fT3 and differentiated thyroid cancer. Methods: A case-control study was conducted with 142 cases and 86 controls from the McGill University Teaching Hospitals. All patients underwent thyroid surgery. Cases were defined as patients with malignant nodules confirmed on final pathology and controls were defined as patients with benign nodules. The serological levels of TSH, fT4 and fT3 were measured preoperatively. Odds ratios were determined for each parameter and logistic regressions were calculated between markers and probability of malignancy. Additionally, fT4 values were divided by fT3 values (fT4/fT3 quotient) for each patient and an odds ratio was calculated. Results: Amongst cases, the mean TSH was 2.25 ± 0.360U/mL, fT4 was 14.8 ± 0.689pmol/L, and fT3 was 4.65 ± 0. 463pmol/L. Amongst controls, the mean TSH was 2.36 ± 1.68U/mL, fT4 was 14.3 ± 1.71pmol/L, and fT3 was 5.27 ± 0. 957pmol/L. Patients in the control group were more likely to have low TSH, while patients in the case group would have high fT4 and patients in the control group were more likely to have a low fT4. The OR for patients with TSH >4.4U/mL was 2.13 (0.97, 4.65), and for patients with TSH <0.4U/mL was 0.46 (0.22, 0.95). The OR for patients with fT4 > 16pmol/L was 2.10 (1.09, 4.06), and for patients with fT4 < 10pmol/L was 0.45 (0.20, 0.98). The OR for patients with fT3 > 5.5pmol/L was 0.39 (0.14, 1.28). The OR for patients with fT3 < 3pmol/L was 1. 83 (0.25, 13.69). The average fT4/fT3 was 3.39 ± 0.206 for cases and 2.93 ± 0.467 for controls. The fT4/fT3 quotient was considered high if it was >3.3 (OR =6.00 (2.94, 12.25)). Conclusion: In this study, a direct relationship between high levels of fT4 and malignancy was uncovered. Furthermore, low levels of TSH and fT4 increased the likelihood that a nodule was benign. In this study a fT4/fT3 ratio >3.3 increased the risk of malignancy by 3.6 times (p-value =0.0013).
Background
The incidence of thyroid nodules has been increasing [1] . It is believed that approximately 5-15% of these nodules are malignant [2] [3] [4] . While thyroid malignancies make up only the minority of these nodules, they are becoming more common in Canada and the United States [5] [6] [7] . This increase is likely in part due to increased detection rates through the use of ultrasound.
It has been well documented that there is a relationship between levels of thyroid stimulating hormone (TSH) and thyroid malignancy. A TSH level that is above the normal range or even in the upper range of normal is thought to increase the likelihood that a thyroid nodule is malignant [8] [9] [10] . It stands to reason that if the levels of TSH are elevated in patients with thyroid cancer, it is possible that elevated levels of thyroxine (T4) and triiodothyronine (T3) may also be correlated with malignancy as well. Cho et al. has shown that free T4 (fT4) is elevated in patients with thyroid cancer (odd's ratio (OR) of 1.73) [11] . However, the inverse has been shown to be true for total T3 (TT3) by Jonklaas et al. [12] . To the best of our knowledge, there is no evidence-based hypothesis which explains this relationship.
Thyroid nodules are commonly imaged by ultrasound. This technique can help determine the size of a nodule, which along with increased age and male sex, is associated with thyroid cancer. Ultrasound features are important in determining the need for a thyroid biopsy [13] . Indeed, the gold standard for diagnosing thyroid malignancies is ultrasound guided fine-needle aspiration biopsy (USFNA), [14] with a diagnostic sensitivity of 65-98% and specificity of 72-100% [15] . Nevertheless, USFNA is not perfect, [16, 17] and appropriate management of these nodules may not be obvious [18, 19] . In cases where the USFNA yields indeterminate results, serological markers could play a role as a predictor of thyroid nodule malignancy.
By studying serological data taken from patients who have undergone thyroid surgery, we hope to better understand the relationship between the levels of fT4 and fT3 and differentiated thyroid cancer which can be used as a clinical tool to help understand the true nature of indeterminate thyroid nodules. Furthermore, the goal of this study was to provide further evidence in understanding whether fT4 and fT3 increase or decrease in the likelihood of malignancy, helping to clarify the discrepancy between Cho et al. and Jonklaas et al. Malignancies that were considered in the cases group were papillary thyroid cancer and follicular carcinoma. Cases that were considered benign included follicular adenoma, colloid cysts, Hurthle cell adenoma, Hashimoto's thyroiditis, and nodular hyperplasia.
Methods
Patients were not required to have had all three values (TSH, fT4 and fT3) measured to participate in this study. If they did not have a given value, the patient was treated as if they did not exist for all calculations relating to said value. To clarify, if a patient had TSH and fT4 values, they were included in all calculations relating to TSH and fT4, but treated as if they did not exist for any calculations relating to fT3.
The reference ranges at our hospital are 0.4-4.5 I/mL for TSH, 9.0-26.0 pmol/L for fT4 and 2.8-7.1 pmol/L for fT3. If multiple values were recorded in this time frame, the average value was used for the purposes of all calculations. Given the wide range of these reference ranges, it was decided to narrow these ranges in the data analysis. Indeed, in the methodology of Cho et.al. fT4 was only considered high if patients were in the highest tertile of recorded values and not based on the normal reference lab ranges [11] . For this reason, it was decided that the normal reference ranges would be such that 80% of cases and controls were within the range for TSH and fT4, and 90% of cases and controls were within the range for fT3. It was decided to include fT3 values as a case only if further away from the mean, since fT3 is known to be a more variable test [20] . TSH, fT4, and fT3 values were measured with an immunometric assay performed on the Elecsys 2010 Immunoassay Analyzer (Roche Diagnostics). All statistical analysis was performed in Microsoft Excel using the basic program and the Solver add-on.
In the initial data analysis, cases were directly compared to controls without stratification. Following this, ORs were calculated for gender, past history of cancer, past history of thyroid disease and both low and high serum levels of TSH, fT4 and fT3. Furthermore, patients with nodules measuring 2-2.9 cm, 3-3.9 cm, and >3.9 cm were then isolated in the data and compared on all the aforementioned qualities to the controls. These cut-offs were set according to the cut-offs in the McGill Thyroid Nodule Score (MTNS) [21] in order to compare large nodules to the average sized nodules. All ORs were calculated with a 1-tailed 95% confidence intervals.
Values were considered significant if the confidence interval did not cross 1 and the p-value was <0.05.
Additionally, two univariate logistic regressions were performed between malignancy against fT4 and fT3 respectively to determine if there was a linear relationship between the probability of a nodule being malignant and the levels of these thyroid hormones.
For each case and control for whom both fT4 and fT3 values were available, a quotient was calculated. If the quotient was over 3.3, it was considered high. This cut off was set by taking a high fT4 value of 18.5 and dividing it by a high fT3 value of 5.5.
Results

patients underwent surgery between January 2014
and October 2015 by a single surgeon. Of these, 228 patients met the inclusion criteria. This resulted in a cohort of 228 patients, 142 cases of patients with malignancies and 86 controls of patients with benign nodules. The average age of all patients in the study was 51. The study consisted of 58 men and 170 women. See Tables 1 and 2 for further demographic information. Values were considered normal if they were within the following ranges: 0.4-4.5 U/mL for TSH, 10.0-16.0 pmol/L for fT4 and 3.0-5.5 pmol/L for fT3.
For the cases, the number of patients who had TSH, fT4 and fT3 values that met the inclusion criteria were 140, 131 and 80 respectively. For the controls, the number of patients who had TSH, fT4 and fT3 values that met the inclusion criteria were 84, 77 and 48 respectively. The range of values were 0-68.97 U/mL for TSH, 2.2-61.6 pmol/L for fT4 and 2.3-26.9 pmol/L for fT3. See Table 2 . The mean values and confidence intervals for the stratifications based on size are also included in Table 2 . The mean values of the fT4/fT3 quotient can be found here as well.
Patients in the case group were more likely to have high fT4, while patients in the control group were more likely to have a low TSH and fT4. See Table 3 for more information. The ORs for the stratifications based on size are also included in Table 3 , though none yielded significant results. ORs that could not be calculated due to a lack of patients with abnormal values were not included in Table 3 . The OR of the fT4/fT3 quotient can be found here as well. The sensitivity of the fT4/fT3 quotient calculation using the cut off of >3.3 as high as 0.48 and the specificity is 0.867.
The univariate logistic regression revealed a linear relationship between fT4 levels and the probability of developing cancer. The slope and intercept of the line were 0.0224 and 0.2658 respectively. The range is from 57-84%. The R 2 of the line was 0.9229. The univariate logistic regression also revealed a linear relationship between fT3 levels and the probability of developing cancer. The slope and intercept of the line were −0.0868 and 0.8721 respectively. The range is from 19-66%. The R 2 of the line was 0.999.
Discussion
This study compared the TSH, fT4 and fT3 values of patients with thyroid malignancies to those with benign thyroid nodules. Given that there is still controversy in the literature regarding how these thyroid hormones change in the context of malignancy, [11, 12] this study attempts to provide further insight into better understanding the true relationship between these hormones and thyroid cancer. Additionally it attempts to set a cut-off quotient of fT4/fT3 > 3.3 at which the likelihood of malignancy increases. Though further research is required to demonstrate the extent of this relationship, in this study, the quotient has been found to be strongly correlated with malignancy. Finally, this study observes size of nodules in cases of malignancy and attempts to determine whether TSH, fT4 or fT3 change with thyroid nodule size.
To date, several studies have described that elevated TSH levels may be associated with thyroid malignancy. Though the average TSH values for patients with thyroid malignancy in this study was similar to the control group, the odd's ratio of high TSH corresponding to malignancy is in accordance with previous studies [9, 10, [21] [22] [23] [24] . Despite the association between elevated TSH and malignancy, the TSH levels in both groups are similar (p-value of 0.874).
The OR calculated in patients with thyroid nodules of all sizes supports the initial hypothesis that patients without thyroid malignancy are less likely to have higher levels of fT4. This is complementary to the previously conducted study by Cho et al. [11] . However, this is not in agreement with Jonklaas et al. who have found no significant relationship between these variables [12] . This relationship can be explained simply as Jonklaas only considered patients to have high fT4 when it was greater than 23.2 pmol/L (1.80 ng/dL.) Furthermore, the low OR in both case groups when compared to the controls is evidence suggesting that low T4 indicates a lower chance of thyroid malignancy. The line created by the logistic regression is further evidence of a relationship between probability of cancer and serological level of fT4. In fact, using the regressed line gives a cut-off value which could prove to be a margin of safety in future studies. Though the average amounts of fT4 are quite similar in both patients with malignant nodules and nonmalignant nodules, 14.3 and 14.6 pmol/L respectively, the standard deviations are extremely different, 3.85 and 7.56 pmol/L. This relationship indicates that though the average patient with a cancerous thyroid nodule will have an fT4 value which seems normal, there are many more of them that deviate significantly from the mean as compared to benign nodules. Indeed this relationship remains true when comparing fT3 (average of 5.27 pmol/L with a standard deviation of 3.30 in cases of malignant nodules, average of 4.63 pmol/L with a standard deviation of 1.933 in cases of benign nodules).
No significant relationship between low fT3 and malignancy was identified in this study. The relationship has been shown in studies such as Jonklaas et al. [12] . Though this paper dealt only with total T3 and not fT3, it follows that if total T3 is low, fT3 should be as well. Interestingly, this is not in agreement with Cho et al. who have found no significant relationship between these variables, [11] or with Rinaldi et al. who nonsignificantly found high fT3 to be indicative of cancer risk [25] . Given that this study has not found any evidence in support of either group, it is possible that it was not sufficiently powered to find such a correlation, or that no relationship exists between the two.
Since fT4 tends to be high in cases of malignancy while fT3 tends to be low, a quotient (fT4/fT3) can be used to evaluate if these trends increase the risk of malignancy then either variable alone. In fact, there is a significant difference between cases and controls when comparing the average fT4/fT3 and the OR is quite high. This strong correlation indicates that even in cases where fT4 and fT3 appear normal, if the quotient is >3.3, a patient is 3.6 times more likely to harbour a malignant nodule. While the sensitivity is low, the specificity is high so such a calculation may help rule-in the possibility of thyroid cancer.
One theory which explains the relationship between high fT4 and low fT3 is that as malignancy develops in the thyroid, there is a disturbed expression of type 1 iodothyronine deiodinase [26] . This would lower the rate of conversion from the inactive fT4 state to the active fT3 state and explain the relationship found in this study. While the theory offers a potential explanation for this study's findings, it remains only a theory and requires validation. Sized categorization of thyroid nodule did not yield any statistically significant data, specifically for the T4/T3 quotient. This is likely because the study was not powered to detect differences in the quotient in size specific categories, as significance is only seen in the overall group.
There are several limitations to our study. First, its retrospective nature. Second, the cut offs of fT4 and fT3 fall into the higher or lower ends of the normal range. Additionally, groups were not matched for disorders or medications that may influence thyroid hormone levels. Prospective studies could focus on relating TSH, fT4 and fT3 values to indeterminate thyroid nodules.
Conclusion
In this study, an elevated fT4/fT3 quotient (>3.3) increased the likelihood that a thyroid nodule was malignant. Malignant thyroid nodules may lose the ability to convert fT4 to fT3 as effectively as benign nodules, which may explain the findings uncovered in this study. Given that this is a retrospective analysis of a single patient cohort, further duplicate studies are required in distinct populations with larger sample sizes to evaluate the quotient's validity. If the relationship is globally significant, future studies could relate fT4/fT3 to indeterminate thyroid nodules in order to see how the quotient could be helpful. 
